Abstract-We measured the roles of eye muscle proprioception ("inflow") and efference copy ("outflow") in registering eye position. During monocular fixation, pressing on the side of an occluded eye results in a passive rotation, changing the proprioception without affecting oculomotor efference. As we have shown previously, a constant press on the side of the viewing eye induces active resistance to rotation, changing efference because oculomotor innervation compensates for the eyepress; the viewing eye's fixation remains constant. Using these two types of eyepress, both perceived target deviations and pointing biases in an unstructured visual field were measured in 8 subjects under efference copy, proprioception and control (no eyepress) conditions. Eye deviatIon was measured photoelectrically. Physiological gains of efference copy and proprioception were about 5/8 and 1/4 respectively. There was no statistically significant difference between perceptual judgement and open-loop pointing. The sum of gains of efference copy and proprioception, about 7/8, indicates incomplete registration of eye eccentricity in an unstructured field, and quantitatively accounts for several previously unexplained results in the literature.
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To locate an object in visual space, both the position of the image on the retina and the position of the eye must be known. The position of the eye relative to the head might be determined either from mechanoreceptors in the muscles controlling the position of the eye (an oculomotor proprioception or "inflow" from the periphery to the brain), or from internal monitoring of the innervations sent to those muscles (an etTerence copy or "outflow" from the brain to the periphery). The relative contributions of proprioception and efference copy remain unknown.
Efference copy
Following the lead of Descartes (1665. 1972), efference copy was the dominant candidate for extraretinal signals in the 19th century (Helmholtz, 1866; Hering, 1868 Hering, , 1977 . The preponderance of psychophysical and behavioral evidence has implicated efference copy as the signal used in perception and visually guided behavior. von Holst and Mittelstaedt (1950) rotated the head of a fly and found forced circling that could be accounted for by an "efference copy"; Sperry (1950) made similar observations of circling in a fish with inverted eyes, with a similar interpretation in terms of "corollary discharge".
Following up on Helmholtz's (1866) observations, paralysis studies have implicated efference copy in determining perceived position. During paralysis, subjects perceive motions of the world at the time of attempted eye movements despite lack of proprioceptive input (Siebeck. 1954; Kornmiiller, 1931; Brindley, Goodwin, Kulikowski & Leighton, 1976; Stevens, Emerson, Gerstein, Kallos, Neufeld, Nichols & Rosenquist, 1976) . The paralysis studies of Matin, Picoult, Stevens, Edwards, Young and MacArthur (1980, 1982) also show that visual context plays an important role in perceived position even when extraretinal signals are mismatched with gaze position; the mismatch results in perceptual mislocalizations only in an unstructured visual field. Using the eyepress method, Bridgeman and Graziano (1989) have shown recently that with sensitive measurements there are indeed effects of the mismatch even in a structured field, but they are smaller than in an unstructured field.
Other experiments using the method of pressing on the side or lower lid of the eye have clarified relative contributions of propriocep-
